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OF 011 FLOW TO PISTON ON PISTOH-RIXG STIClU21GAl!D

OIL CONSUMPTION IN A S--CYUNIMR ENGINE “

By Max J. Tausohek, Lester C. Corrlngton
sad John B. Me@s

Q@&” - To determine the effeot of the amount of oil fluw to
the piston on the ring-sticking characteristics d a piston and ring
assembly and on the engine oil oonsumption.

Scope. - Two series of tests were run with the oil supplied to
the piston by means of a single fIxed nozzle. The f Irst series was
run at a constant Inlet-air pressure & 56 Inohes & meroury abso-
lute with oil-flow rates to the pistm d 2.0 and 5.75 pounds per
mlnute. The tests ct the second series were begun at an inlet-air
pressure cd 35 Inches of mercury absolute, which was gradually
Inoreased throughout the test, and were run with constant oil-flow
rates ranging frm 0.2 pound to 5.0 pounds per minute. An unpub-
lished test from another investigation provides data to evaluate
effect c& changing the point & oil-~et impsent on the rlng-
sticking time.

Summmy M results. - The results show that for the engines
oil systems tested:

the

and

1. With ane oil nozzle direoted vertically upward at the under
side af the piston crown, the hl@er flow rates neoessary to appre-
ciably inorease the ring-sticking time were accanpanled by large
Increases In oil consumption in the range of piston temperatures
erperlenoed In these tests.

2. When two nozzles were used cm opposite sides d the oyllnder,
eaoh directed toward the lower part cd’the oyllnder barrel, one test
shuwed considerably improvamsnt over tests using a slngl.e nozzle
directed vertically upward on a ring-stlcklng and scuffing basis.
.



3. When a nozzle was directed vertically U- at the under
side & the piston crown, an oil-flow rate d about 2 pounds per
minute was found to be nearly optimum for the engine tested on the
basis of minimum speciflo Gil ccmsumption, ring breakage, and ring
wear throughout the d~atlon cf a rhg-sticking test.

IN’I!.RODUCTION

During the general progyam requested by the Army Air Forces
rel.atlve to increasing the power output of the Allison V-171O engine,
several failures In piston and ring assemblies have occurred at the
Cleveland laboratory of the NACA. These failures have manifested
themselves as broken and stuok piston rings end, in a more severe
fozm, as burned and scored pistons.

At the time of these failures, four main factors were oonsld-
ered as possible causes leadi~ to the ultimate destruction al?the
piston: (1) prei~itlon, (2) laok of suf~icient piston clearance,
(3) pro~esslve piston-ring failure, and (4) inadequate piston cool-
ing. Subsequent work indicated that factors (1) and (2) aocounted
for practically all of the failures encountered during the experi-
mental investigation. The relation d pistcn-ring fai~ue to destruc-
tlcm of the piston has been discussed in reference 1.

The tests reported herein were carried out from December 1943
to June 1944 to determine quantitatively the effect of increased
cooling and lubrication d the piston and ring assembly with addi-
tional oil as a means tnwsrd extending the eng~ne-operating time
until Incipient piston-ring failure occurs through sticking.
Changes in oil consumption aoccmpanying the changes in the amount
of oil supplied to the piston were also investigated..

APPARATUS AND TEST PRocmJm

The tests were conducted on a single cylinder
son V-171O engine mounted on a CUE crankoase. oil
the piston by a nozzle Installed i.nthe enging and
tally upwsx’dso as to strike the under sjde of the

frcm an Alli.-
was metered to
directed verti-
piSt~ crown ne~

the ma~or-thrust face. The oil fiow was controlled by varyinflthe
size aP the nozzle and by regulating the oil pressure at the nozzle.
In crder to prevent bearing throw-off oJ.1from reaching the piston,
a baffle cut to acc-odate tilecmnecting rod was installed between
the engine crankcase and the cylinder assembly.

..
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Two oil systems were used In teats of another program; the
results of these tests were used to provide data to evaluate the

. . effeot.cf.@as@gg the po~t. @ oil-jet hrplngement on the rlng-
Stloking tllue. The first 011 system was dmilar to’”lilie~ $zst
desoribed, In the second oil system, two nozzles, one cm the
~~or- and one on the mjnor.th,ruetside af the oyllnder, were so
direoted that the oil struck the cylinder wall about one-third
of the distanoe up fran the bottom & the barrel. “

Two series d tests were oonduoted. Clean, used pistons, fit-
ted with new plstau rlnge, were used h the fIrst series of tests.
Eaoh teat of the second series was begun with a new piston end ring
assembly to eliminate the ccmdltlon of the piston as a variable.
For all the tests, compression rings & standard rectangular cross
section were used; the top ring was beveled along Its upper edge
and the secand and the third rings were taper-faoed. This arrange-
ment M rings Is standard in some models @ the Allison V-171O engine.
Piston rings wsre selected that conformed as olosely as possible to
the followl~ apeolflcatlms:

Dismetral
Ring tension

(lb)

Top caupressicm 9.0
Second compression 8.3
Third compression 8.3
Dual 011 ---------

side ICcmrpressed
clearanoe end gap

(In.)

T
.

0.035
:005 .035
.004 .035
.003 ,035

Tests were conducted with cylinders that had been used for scme
time previous to the ring.stlcklng tests because it was found in
previous tests that operatlau with a newly honed barrel prolonged
the tIme regpired for ring stIcking.

Beoauee the time at whloh ring sticking took plaoe was to be
J-d by th extent of blow-by past the piston, the crankoase was
sealed prior to the tests and a displacement-type gas meter was ocm-
nected to the mankcase outlet. A water manometer was used to meas-
ure the gas pressure In the crankcase. During the tests it was found
to be more convenient to use the crankoase pressure as the oriterion
.of ring sticking because the cmankoase-pressulwmanometer gave an
Instantaneous indtcation of Inoreased blow-by. A pressure of 10 inohes
of water usually Wlcated sticklng of the top ring.

Eaoh test was preceded by a standard‘run-in & 7* hours’ duration
in aocordanoe with the _ Alr Foroes Teohnlcal Order No. 02-1-4,
dated January 19, 1943, for the Allison V-171O engine. In the case
cf the oonst~t -power series, the engine was operated an additional

I



4

3 hours with an inlet-air pressure of 42.5 inches of mercury absolute
In order to insure that the engine was properly run in for Immediate .
him powem operation. An oil-flow rate to the piston of 2.0 pounds
per ndnute was used for all run-in operations.

The first series & tests was conducted at constsnt high power
output with an oil-flov rate to the piston of 2.0 pounds per minute
for one test and 5.75 pounds per minute for the second test. Oper-
ating conditions held constant were:

Inlet-air preseure, inches mercury absolute . . . . . . . .
Engine speed, ram . . . . . . . . . . . . . . . . . . . . .
Fuel-alr ratio . . . . . . . . . . . . . . . . . . . . . .
Inlet-air temperature, OF . . . . . . . . .. . . . . . . . .
Ccmpresslon ratio.... . . . . . . . . . . . . . . . . .
Inlet-oil immperature,%,. . . . . . . . . . . . . . . .
Coolant-outlet temperature, % . . . . . . . . . . . . . .
Spark advsnce, degrees B.T.O.:

Inlet . . . . . . . . . . . . . . . . . . . . . . . . . .
Exhaust . . . . . . . . . . . . . . . . . . . . . . . . .

56
: ;600
0.085
200

: 6.65
185

: 250

. . 28

. . 34

The second series at tests followed a procedure which waa
developed in connection with a previous ring-etlcking pro~am and
which gave very satisfactory results. These tests were begun at
an inlet-air pressure of 35 inches of mercury absolute end this pres- -
sure was raised C.2 inch eve= half hour until ring sticking occurred. . .

Constant operating conditions for the second series al?tests
were as follows:

wespeed,~. .. m..... . . . . . . . . .. ...2600
Fuel-air ratio . . . . . . . . . . . . . . . . . . . . . . 0.085
Inlet-alr tcnmperature,OJ?. . . . . . . . . . . . . . . . . . 250
Compression ratio . . . . . . . . . . . . . . . . . . . . . ,6.65
Inlet-oil temperature,%.. . . . . . . . . . . . . . . . .185
Cooling-outlet temperature, % . . . . . . . . . . . . . . . 250
Spark advance, degrees B.T.C.:

Inlet . . . . . . . . . . . . . . . . . . . . . . . . . ...28
Eihauet o . . . . . . . . . . . . . . . . . . . . . . . ...34

All the tests were run with AN-F-28, Amendment-2, fuel and with
Navy 1120 oil. Water was used In the coolant system, which was so
pressurized that the coolant could be operated at temperatures above
the normal boiling point.

Complete data tire taken at l/2-hour Intervals during all the
tests. The tests were tezzuinatedwhen an Increase in crankcase pres-
sure to 10 hchee of water Indicated that ring sticking had taken
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place. Euly h the Investtgatlon It was found that eng3ne shut*
durhg a teat prolonged the runntng tlms required for ring stidcl.ng

to.Oomr. Cku3sequently,the
rled out on a 24-hour basis,
ru@lons as possible.

The engine runnha time

greater part of the test work was oar-
the tests being mm with as few lnter-

M’JDDISCUSSI~

required to bring about a cmdltlon of
ring stiokl~ is mati depefie& upon the fu=l, the l~rloathg
oil, and the tempemture of the pislmn-ring belt. (See reference 2.)
With the fuel and the oll eliminated as variables, the time req~d
for ring stiolc!ngto ocour becauea mainly a function of piston tem-
perature and any ohange in engine operating conditions that affeots
this temperature wild exert a oorre6pondlng effect on the r~-
etlcklng tendencies.

In the tests reported hereti, the range of piston teunperaturea
occurring through ol?wmgeaIn the power level of the enghe was varied
between tests by controlling the quantity of oll directed against the
piston. C-s in this quantity of oil, however, also affect the
amount of oil circulated through the ring grooves and, beoauee of the
natuml detergency of the oil, which holds the ring-at Icklng materials
in suspension (referenoe 3), thle faotor tends to change the rlng-
Sticldng the. Another possible effect of changes in this quantity
of oil might be the eifect on ring muvement, which may wear away
the rlq-pove depoelts (reference 4).

Results of ring-Stlclclngtests. - F-s 1, 2, and 3 illustrate
typioal failures oaused by rhg sticking that were encountered during
the tests. R@ aticklng was found to oocur tivarlably on the mlnor-
thrust aids of the piston.

The effeot on rmmlng time of variations h the amount of 011
supplied to the piston Is shown h fIgure 4 and tables 1 and 2. The
curve In figure 4 for the first series of tests was drawn apprcm&
-telY paraUel to that for the seoond series of tests beoause the
data fram the ftist tests were Inm&Mclent to def~ acwrately the
entire ourve. The curve for the seoond series of tests show llttle
variation in rumdng time as the oll flow is increased frmu 0.2 pound
to about 2.0 pomde per minute, after which the running time begins
to increase. These results are slmllar to those reported by Glaser “
h reference 2,-‘Inwhioh the oll flow to the oylindsr was varied by
_@3 the engine oil pressure.

Z@Q?Z” - Figure 5 shows a typioal example of how the blov-by
rate past the piston varies as the test progresses and also llJUs-
trates the VsAation h cranlmme pressure for the same test. The

. .. . -..-..,,, ... -—.



marked inorease in rate of blow-by aomnpanylng ring stioklng IS
readily apparent fr- fIgure 5. During the tests no attempt was
made to d.lf’ferentiatebetween different degzwes of ring sticking.
Because the degree of ring sticking detemined the rate of blow-by
and the orankaaae pressure to a large extent, an arbitrary llmit
was set on the degree of ring stloklng at the end of the run by
setting an arbitrary llmit on the crankoase pressure.

Lubrication. - Variatias in the amount of oil dlreoted against
the piston not only altered the piston temperature but also resulted
In changes In the lubrication of the pista and ring assembly. The
additional lubrication that reaohed the ring groove probably had a
bearing on the .rlng-stlcklngtendencies, prlnoipally through the
detergency of the additional oil and through possible changes in the
ring movement, as mentianed previously.

With the two lowest oil flows used In the tests, there Is evi-
denoe to believe that the lubrication of the piston and ring assembly
was Inadequate. h acme of these tests the pistons were found to be
scuffed and the rtigs fraotured. Figure 2 shows a piston taken frmn
a test run with O.2-pound~per-minute oil flow. A part of the secaud
ring haa been brol%n away and scuff marks are visible near the wrlst-
Pti boss.

Oil consumption. - The variation in brake specifio oil consump-
tion with teat running time for eaoh of the oil-flow ratea 1s pre-
sented In f@ure 6. The curves show that, at the two lowwst oil
flows, the brake specific oil consumption remains practIcally con-
stant for the first 12 to 14 hours, after which it begins to rise
gradually. The curves for the two highest oil flows continue to
drop until the end d the test, Indicating that the run-in condi-
tion of the rings improved during the entire test”period.

The data at the 6-hour point in figure 6 have been replotted
to obtain figure 7. The 6-hour point was chosen because the rings
were probably fairly well run h by this time in most oases and had
not been run long enough to be appreciably wvrn. T!hecurve in fig-
ure 7 hdloates that, at oil-fluw rates in excess of about 2 pounds
per minute, the brake speclflo oil consumption at the 6-hour point
begins an upward trend. At an oil flow of 5 pounds per tiute the
brake specific oil consumption Is about 0.025 pound per brake
horsepowsr-hour.

Mmth(xlOf SUpp~i~ oil. - In all the precedtig tests the 011
was supplied to the piston by a nozzle directed vertically so that
the oil stream struck the under side of the piston orown on the
ma~or-thrust side. No attempt was made to determine the effects
of relocating this nozzle or of Installing additional nozzles on
the ring-sticlringtendencies d the engine.
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. .
The importance of the position and the number of the oil-supply

nozzles was demonstrated by unpublished data obtained during another
- investigation I.nvolvlngwidely ygwyhg gperating condltione, many of
which ticluded operation at extremely high power output. The engine
used for the test comprised a multlcylinder Allison block set up to
fire one cylinder (reference 5) and a piston and ring assembly
Incorporateing a keystone top ring. In all other respects It was
simllar to the engine used to obtain the data for this repcrt, with
the exception that the baffle plate used to prevemt bear- thruw-
off oil fra reaching the piston was not incorporated In the setup.
(@ration of this engine for periods ranging between 5 and 15 hours
with oil-flow rates to the 011 nozzle of about 7 to 8 pounds per
minute resulted In ring atldclng and, upon removal of the piston
assembly, the rings were often found to be broken and the piston
and rlnge badly scuffed. The condltlon was greatly relieved when
the oil-supply system was revleed to include two nozzles, each so
located that the ofi was directed against the barrel abcut one-third
of the distance up from the bottom. Durl~ the lower part of the
etroke the oil therefore lmplnged on the plstzn, and durl~ the
upper part of ths stroke the oil lmplnged on the barrel. One nozzle
supplied the ma~or-thruet side and the other supplied the mhor-
thrust side.

The first piston, operated with this revised oil eystem and
with an oil-flew rate of 2 pounde per minute through each nozzle,
was run a total of 41 hours when the test was stopped owing to a
connecting-rod failure. An examination of the rln&s at the end of
this test showed them to be in excellent condition. The oil con-
sumption during the run wae about 0.019 pound per brake horsepower-
hour.

Frcm the foregoing statement, It can be eeen that the method
of supplying oil to the piston and cylinder Ie quite critical with
regard to ring sticking and thie fact must be recognized In any
attempt to compare the teste of this report with other data.

SUMMARY OF RB’ULTS

The results of teete made ona e-e cylimier frcm an All.i-
eon V-171O engine with variable oil-flow ratee to the piston frcun
a sin@.e fixgd nozzle, and of teste made on a multicylinder Allison
block with two different oil systems, show that, for the engines
and oll systems tested:

.
1. With one oil nozzle directed verticaUy upward at the under

eide of the piston crown, the higher flow rates neceesary to appre-
ciably Increaee the ring-sticking time were accompanied by large

Incroaees in oil coneumptlon in the range of pleton temperatures
experienmd In theee teste.

.—.. .—.—
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2. When two nozzles were used on opposite sides of the cyl-
inder, each dlreoted toward the lower part of the cyllnder barrel,

one test showed considerable improvement over tests using a single
nozzle dlreoted vertloald.yupward on a ring-sticking and soufffng
basla.

3. When a nozzle was dlmoted vertically upwml at the under
side of the piston crown, cm oil-flow rate of about 2 pounds per
minute wae found to be nearly optimum for the engi.aetested on the
basis of minlmmu specific oll ooneumption, ring breakage, and ~
wear throughout the duration of a ring-sticking test.

Alromft Engine Researoh Labo=tory,
Eatlonal Advisory Comnit%ee fo? Aeronatilcs,

Cleveland, Ohio.
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TABLE 1. - EFFECT OF OIL FIOW To PmToll ON RIHG-8TIcm

oil flow to Brake mean effeo- Test running
plstm tive pressure tbe
(lb/rein) (lb/sq in.) (w)

2.0 260 to 275 9.5
5.75 260 to 275 15.0 i

TABLE 2. - -T OF 0~ FLOW TO PISTOH ON RII?G-STIC~

TIME m VARIABLE POWJIR

011 fluw Number Ring-atick- Average ring- Average oil
to plstun of Ing time sticking time consumptIon
(lb/inIn) tests (hr) (&) at 6 hours

(lb/hhp-in’)

0.2 3 24.8 24.8 0.005
25.4
24.3

fL6 3 24.6 25.3 0.006
27.2
24.0

2.0 3 27.3 24.8 0.008
21.3
25.8

5.0 4 27.0 30.8 0.025
27.4
33.4
35.4

9

National Advimry Committee
for AeronautIcs -



—.
1“

Fig. 18

ltACA
-46s4

Figure 1. - Piston operated for 25.8 hours with an oll-ftou
rote of 2.0 pounds per nlnute. The st ick!ng of the top
compression ring is typlcol in degree ond Iocotlon o~
those encountered during the ring-sticking tests.
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Figure 1. - Concluded.
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Figure 2. - Hojor-thrust focu of piston operated for 24.8
hours ufth an oil-flou rote of 0.2 pound per winute.
Scuff Marks are vlslble neor the urist-pin boss ond o
piece is broken fro~ the seeond compression r!ng.
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Fig: 3
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F!gure 3. - Hlnor-thrust face of piston operated for 36.4
hours uith gn 011-fIOU rate of 6.0 pounds pera!nute.
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